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Abstract
Objective To compare the safety and efficacy of antibiotic treatment
versus appendicectomy for the primary treatment of uncomplicated acute
appendicitis.
Design Meta-analysis of randomised controlled trials.
Population Randomised controlled trials of adult patients presenting
with uncomplicated acute appendicitis, diagnosed by haematological
and radiological investigations.
Interventions Antibiotic treatment versus appendicectomy.
Outcome measures The primary outcome measure was complications.
The secondary outcome measures were efficacy of treatment, length of
stay, and incidence of complicated appendicitis and readmissions.
Results Four randomised controlled trials with a total of 900 patients
(470 antibiotic treatment, 430 appendicectomy) met the inclusion criteria.
Antibiotic treatment was associated with a 63% (277/438) success rate
at one year. Meta-analysis of complications showed a relative risk
reduction of 31% for antibiotic treatment compared with appendicectomy
(risk ratio (Mantel-Haenszel, fixed) 0.69 (95% confidence interval 0.54
to 0.89); I
2=0%; P=0.004). A secondary analysis, excluding the study
with crossover of patients between the two interventions after
randomisation, showed a significant relative risk reduction of 39% for
antibiotic therapy (risk ratio 0.61 (0.40 to 0.92); I
2=0%; P=0.02). Of the
65 (20%) patients who had appendicectomy after readmission, nine had
perforated appendicitis and four had gangrenous appendicitis. No
significant differences were seen for treatment efficacy, length of stay,
or risk of developing complicated appendicitis.
Conclusion Antibiotics are both effective and safe as primary treatment
for patients with uncomplicated acute appendicitis. Initial antibiotic
treatment merits consideration as a primary treatment option for early
uncomplicated appendicitis.
Introduction
Appendicectomy has been the mainstay for the treatment for
acute appendicitis since it was first reported by McBurney in
1889,
1 and the general assumption since the 19th century has
been that in the absence of surgical intervention the disease
often progresses from uncomplicated to perforated
appendicitis.
1 2 The advent of laparoscopic surgery and the low
threshold for operative intervention have led to a risk of high
negativeappendicectomyrateswithunnecessarysurgeryrelated
morbidity.
3-5 Only 20% of patients present with complicated
appendicitis, and non-operative management with antibiotics
and supportive treatment has been explored as a therapeutic
option for patients with early uncomplicated appendicitis, with
resolution in most of them.
6-9 Antibiotic treatment was often
considered as a bridge to surgery in patients with suspected
appendicitis but no clear indications for appendicectomy such
as signs of perforation or peritonitis. However, the routine use
of antibiotics in patients with uncomplicated acute appendicitis
was not well supported, owing to inherent pitfalls in the quality
and design of individual studies.
10 The role of antibiotic
treatment in acute uncomplicated appendicitis may have been
overlookedmainlyonthebasisoftraditionratherthanevidence,
considering that other intra-abdominal inflammatory processes
such as colonic diverticulitis are primarily managed
non-operatively.
This time honoured practice has been challenged recently with
reports of less morbidity associated with antibiotic treatment
than surgery in uncomplicated acute appendicitis.
11-14 With the
availability of diagnostic modalities such as computed
tomography and ultrasonography, the small group of patients
presenting with complicated appendicitis can be identified.
Furthermore, epidemiological studies suggest that despite the
increasing trend for surgical exploration for suspected
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Research
RESEARCHappendicitis over the years, the incidence of perforated
appendicitishasbeensimilaracrossallagegroups.
15 16However,
the management of the large majority with uncomplicated
appendicitis warrants further evaluation.
Systematic reviews and meta-analyses of the trials,
10 17 18
including a Cochrane review comparing antibiotic treatment
and appendicectomy,
19 published in recent years summarised
the evidence as either in favour of antibiotic treatment or
inconclusive. This could possibly result from inclusion of trials
with poor methods or retracted since publication,
20-22 or from
simplifying the evidence as a summary of both randomised and
non-randomised studies.
23 The meta-analysis presented here
provides a valid and up to date summary of the relevant
literature,includingarecentlypublishedrandomisedcontrolled
trialof339patientswithaconfirmeddiagnosisofuncomplicated
appendicitis.
24 It excludes the study that has been retracted
subsequent to publication,
21 as well as another for which it was
not clear if patients were randomised.
22 The aim of this
meta-analysis of randomised controlled trials was to compare
antibiotic treatment with appendicectomy for the treatment of
uncomplicated acute appendicitis, with particular reference to
safety and efficacy.
Methods
Randomised controlled trials comparing antibiotic treatment
with appendicectomy for uncomplicated acute appendicitis in
adult patients were eligible for inclusion. We included studies
withwelldefineddiagnosticandtreatmentprotocolsandwhich
reportedatleasttwooftheoutcomemeasuresmentionedbelow.
We excluded non-randomised studies, retrospective studies,
case series, and studies that reported outcomes in patients with
complicated appendicitis (local or contained perforation with
an appendicular abscess or mass).
We used method of randomisation, concealment of allocation,
blinding, description of dropouts and withdrawals, intention to
treat analysis, and duration of follow-up to assess the
methodologicalqualityofincludedrandomisedcontrolledtrials.
Further validation of the methodological quality of individual
randomised controlled trials, rating the quality of evidence and
strength of recommendations of this meta-analysis, used the
grading of recommendations assessment, development, and
evaluation(GRADE)system,
25asrecommendedbytheCochrane
Collaboration. This included systematic assessments of all
randomised controlled trials across five main domains for each
outcome: limitations of the study design and execution;
inconsistency, indirectness, and imprecision of results; and
publication bias. Accordingly, we graded the recommendation
for either antibiotic treatment or appendicectomy as very low,
low, moderate, or high.
Outcome measures
We recorded clinical outcomes according to intention to treat
analysis where available. The primary outcome measure of this
meta-analysis was complications, as reported in the studies
(table 1⇓). However, we included only relevant complications
that were reported by all studies such as wound infection and
incidence of perforated appendicitis or peritonitis, so that the
meta-analysis had a homogeneous group for comparison. We
present the results of statistical heterogeneity in the forest plots.
The secondary outcome measures were length of primary
hospitalstay,readmissions,andefficacyoftreatment(table1⇓).
We also report other secondary outcomes such as incidence of
perforation, pain, and body temperature where available.
Study selection
Two authors (KKV and KRN) independently searched the
Medline, Embase, and Cochrane Library databases and the
Cochrane Controlled Trials Register for randomised controlled
trials comparing antibiotic treatment with appendicectomy for
acute appendicitis. The search included all studies published
between January 1966 and December 2011, regardless of
language. Keywords used included antibiotics, surgery,
appendicectomy, appendectomy, randomised controlled trial,
controlled clinical trial, randomised, placebo, drug therapy,
randomly, and trial and were used in combination with the
Boolean operators AND, OR, and NOT. We supplemented the
search by using the “related article” function. We manually
searched bibliographies of randomised controlled trials,
meta-analyses, and systematic reviews for studies that were
missed in the initial electronic search. Studies that met the
inclusion criteria for the meta-analysis were assessed
independently, and any disagreements were resolved by
discussion with the third author (DNL).
Data collection and statistical analysis
Weretrievedrelevantarticlesidentifiedaseligibleforinclusion,
and two authors (KKV and KRN) independently collected data
for analysis. We did the meta-analysis in accordance with the
recommendationsoftheCochraneCollaboration,usingReview
Managerversion5.1software.Wepresentthesummarystatistic
of dichotomous outcomes as risk ratios for complications and
odds ratios for treatment efficacy as appropriate. We used the
Mantel-Haenszel method to combine the summary statistic and
assessed the statistical heterogeneity by using the I
2 method
alongsidetheχ
2Pvalue.Whencombiningstudiesofthisnature
for meta-analysis, we assumed that variation existed between
trials in both the design and the methodological quality, so we
used a random effect model to provide a conservative estimate
of the results. We used a fixed effect model when no
heterogeneity existed. We considered the results to be
statisticallysignificantattheP<0.05levelifthe95%confidence
interval did not include the value 1.
For the purpose of this meta-analysis, the antibiotic group
comprised patients who were, at the outset, treated with
antibiotics at initial presentation when the diagnosis of acute
appendicitiswasmade.Onthebasisofintentiontotreatanalysis,
wealsoconsideredpatientswhofailedtorecoverwithantibiotic
treatment and subsequently had surgery to be part of the
antibiotic group. The appendicectomy group comprised those
patientswhowererandomisedtohaveappendicectomyatinitial
presentation. We did a separate sensitivity analysis for
complications to assess if differences in the antibiotic regimen
influenced the treatment outcome.
Results
Quality assessment and study design
We considered six trials and included four of them (fig
1⇓).
20 24 26 27 Of the two not included, one study was retracted
after publication,
21 and one presented no evidence of
randomisation.
22 The box summarises the characteristics of the
four included studies. A total of 900 patients with suspected
uncomplicated acute appendicitis were randomised to either
antibiotictreatment(n=470)(fig2⇓)orappendicectomy(n=430)
(fig 3⇓), on the basis of the treatment protocol of individual
studies (see box). Three studies included patients treated in
multiple centres,
20 24 26 and one was a single centre study.
27
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RESEARCHCharacteristics of included studies
Vons et al
24
Methods
Open label, non-inferiority, randomised controlled trial in six academic centres.
Participants
All adults over 18 years with suspected acute appendicitis. Eligible participants had diagnosis of uncomplicated appendicitis by computed tomography, using
defined radiological criteria, and were randomised to appendicectomy or antibiotic treatment. Patients who were allergic to antibiotics or iodine, had been on
antibiotics before admission, were receiving steroid or anticoagulants, had a history of inflammatory bowel disease, were pregnant, had blood creatinine of
≥200 µmol/L, or were unable to understand the protocol or consent form were excluded.
Interventions
Patients in both treatment groups were assessed twice a day after admission and were discharged after resolution of pain, fever, and any digestive symptoms.
All patients were seen on days 15, 30, 90, 180, and 360.
Antibiotics—Intravenous or oral amoxicillin plus clavulanic acid (3 g per day if <90 kg or 4 g for patients >90 kg) for 48 hours. Appendicectomy if no resolution
of symptoms after 48 hours. If resolution of symptoms, discharged with antibiotics and reviewed on day 8. Computed tomography done if persistent pain or
fever and possible appendicectomy. If not, antibiotics continued for another 8 days. If persistent symptoms on day 15, appendicectomy was done.
Surgery—Open or laparoscopic appendicectomy was done according to surgeon’s standard practice. Amoxicillin plus clavulanic acid 2 g at induction of
general anaesthesia. Antibiotics were given postoperatively only if complicated appendicitis. Histology was obtained for all specimens.
Outcomes
Primary endpoint—Occurrence of peritonitis within 30 days of initial treatment, diagnosed either at appendicectomy or postoperatively by computed tomography.
Secondary endpoints—Number of days with a post-intervention visual analogue scale pain score ≥4, length of stay and absence from work, incidence of
complications other than peritonitis within one year, and recurrence of appendicitis after antibiotic treatment (appendicectomy done between 30 days and
one year of follow-up, with a confirmed diagnosis of appendicitis).
Hansson et al
20
Methods
Randomised controlled trial. Three hospitals included in the study; one hospital used only as a reference cohort for comparison with study and control groups
at the other two hospitals. Allocation by date of birth (odd number, antibiotics group; even, surgery group). Questionnaire was sent to all patients after one
and 12 months. Telephoned if no response.
Participants
369 patients with positive history, clinical signs, laboratory tests, and, in some cases, ultrasonography, computed tomography, and gynaecological examination.
Interventions
Antibiotics—Intravenous cefotaxime 1 g twice daily and metronidazole for at least 24 hours. Patients when improved were discharged 24 hours later with
oral ciprofloxacin 500 mg twice a day and metronidazole 400 mg three times a day for 10 days. If no improvement, intravenous treatment was prolonged.
Surgery—Appendicectomy was done according to author’s usual practice, single dose antibiotic prophylaxis, open or laparoscopic technique, and postoperative
antibiotic treatment when the appendix was gangrenous or perforated.
All specimens were sent for histological examination.
Outcomes
Treatment efficacy, complications, recurrences and reoperations, length of antibiotic treatment, abdominal pain after discharge from hospital, length of hospital
stay, and sick leave. The total costs for the primary hospital stay were analysed for each patient.
Styrud et al
26
Methods
Patients were asked to participate if appendicectomy was planned, and those who agreed were subsequently randomised to either surgery or antibiotic
treatment. Patients were monitored at the end of one week, six weeks, and one year.
Participants
Male patients, 18-50 years of age, admitted to six different hospitals between 1996 and 1999. No women were enrolled by decision of the local ethics
committee. Patients with suspected appendicitis with a C reactive protein concentration >10 mg/L and with no clinical signs of perforation.
Interventions
Antibiotics—Intravenous cefotaxime 2 g 12 hourly and tinidazole 800 mg daily for two days. Discharged after two days with oral ofloxacin 200 mg twice daily
and tinidazole 500 mg twice daily for 10 days. If symptoms not improved within first 24 hours, appendicectomy was done. All conservatively treated patients
with a suspected recurrence of appendicitis had surgery.
Patients randomised to surgery had open or laparoscopic operations at the surgeon’s discretion. All removed appendixes were sent for histology.
Outcomes
Hospital stay, sick leave, diagnosis at operation, recurrences, and complications.
Eriksson et al
27
Methods
Randomisation of patients admitted with history and clinical signs of acute appendicitis. Ultrasonography and laboratory tests: white blood cell count and C
reactive protein to identify patients with a high probability for acute appendicitis.
Participants
Patients with typical history and clinical signs, positive findings at ultrasound, and either increased white blood cell count and C reactive protein values or
high C reactive protein or white blood cell count on two occasions within a four hour interval. Initial randomisation of 20 patients in each group, but one patient
from the antibiotic group developed increased abdominal pain and generalised peritonitis and had surgery, and subsequent data were discounted.
Interventions
Conservative—Cefotaxime 2 g 12 hourly and tinidazole 800 mg for two days. Discharged after two days with oral ofloxacin 200 mg twice daily and tinidazole
500 mg twice daily for eight days. Patients were excluded from the study in the event of increased abdominal pain and generalised peritonitis and had surgery.
Surgery—Treated with antibiotics for 24 hours only in the event of bowel perforation or in cases of abdominal spillage. Discharged when conditions were
satisfactory and when patients wished to return home. Histology obtained for all specimens.
Follow-up—All patients were seen at 6, 10, and 30 days after admission and blood tested for white blood cell count and C reactive protein; pain scores and
temperature recorded. Abdominal and rectal examination on days 6 and 10. Stools examined for Clostridium difficile toxin at day 30. Ultrasonography on
days 10 and 30.
Outcomes
Pain scores (every six hours using a visual analogue scale), morphine consumption, white blood cell count and temperature, positive diagnosis at surgery,
hospital stay, wound infection, and recurrent appendicitis.
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RESEARCHThe diagnosis of acute appendicitis was made from the history
and clinical signs and complemented with laboratory tests for
raised inflammatory markers. Diagnosis of acute appendicitis
at admission was confirmed by ultrasonography in one study
27
and by computed tomography in two studies,
20 24 although this
was done only in some patients in the study by Hansson et al.
20
Vons et al used computed tomography to exclude patients from
the study if they had complicated appendicitis according to the
criteriaofpresenceofextra-luminalgas,peri-appendicealfluid,
or disseminated intra-peritoneal fluid.
24
Randomisationmethodswerereportedascomputergenerated,
24
external randomisation,
26 and by date of birth.
20 The
randomisationmethodwasnotclearinonestudy.
27Concealment
of allocation was documented in two studies as use of sealed
envelopes
24 26; it was not reported in the other two studies.
20 27
Vonsetaldescribedtheirstudyasanopenlabel,non-inferiority
trial.
24 Owing to the nature of interventions used, none of the
studieswasblinded.Allstudiesdocumentedamedianfollow-up
of one year. Hansson et al reported protocol violation after
randomisationandcrossoverofpatientsbetweengroupsintheir
study and presented the results as both intention to treat and
evaluated per protocol.
20 Three studies described dropouts and
withdrawals.
20 24 27
Analysis of outcomes
Table 2⇓ summarises outcomes for individual randomised
controlled trials. A large number of patients crossed over from
theantibioticgrouptotheappendicectomygroup(96/202)after
allocation to antibiotic treatment and appendicectomy in the
studybyHanssonetal.
20Therefore,wedidasecondaryanalysis
excluding data from this study to avoid the risk of any selection
bias and over-estimation of treatment effects (figures 4⇓, 5⇓,
and 6⇓). Quality assessment of the included studies according
to the GRADE approach showed some limitations of the study
design and inconsistency,
20 but no obvious indirectness or
imprecision of reporting of results (tables 3⇓ and 4⇓). Based on
the above assessments, the quality of evidence presented for
each outcome ranged from “low” to “moderate.” Owing to the
inclusion of only four studies, a funnel plot analysis (data not
shown) showed the presence of risk of publication bias for
reportingofcomplications,whichdowngradedthequalityrating.
Given that the search resulted in only four eligible studies,
asymmetry cannot be reliably judged. However, no
correspondencerelatedtothepapersidentifiedanyunpublished
negative studies.
Complications
Meta-analysis of complications (fig 4⇓) showed a relative risk
reduction of 31% in the antibiotic treatment group compared
with the appendicectomy group (risk ratio (Mantel-Haenszel,
fixed) 0.69 (95% confidence interval 0.54 to 0.89); I
2=0%,
P=0.004). A secondary analysis excluding the data from the
study with crossover of patients between the groups showed a
significant reduction in the risk of complications by 39%
(relative risk reduction), in the antibiotic treatment group
compared with the appendicectomy group (risk ratio 0.61 (0.40
to 0.92); I
2=0%, P=0.02) (fig 4⇓). Comparison of studies using
only cefuroxime plus metronidazole or tinidazole with
amoxicillin plus clavulanic acid showed no significant
differences between the two groups.
Length of stay
All studies reported length of primary hospital stay. Except for
the study by Hansson et al,
20 which reported a reduced length
ofstayintheantibiotictreatedgroup,nosignificantdifferences
were noted in the other studies despite a reduced trend being
seen in the antibiotic group. The forest plot of comparison for
length of stay (fig 5⇓) also showed no significant difference
betweentheantibiotictreatmentgroupandtheappendicectomy
group(meandifference(inversevariance,random)0.34(−0.19
to 0.87); I
2=48%, P=0.20).
Treatment efficacy
A simple comparison of efficacy of treatment between two
entirely different treatments such as surgery and antibiotics for
which treatment failure is a possibility would not be truly
appropriate.Theactualtreatmentprotocolintheantibioticarms
of all four trials was antibiotics with surgery if required versus
immediate surgery, and with this definition both trial arms
achieve100%inresolutionofacuteappendicitisandalsodisease
atoneyear.However,wehavecomparedbroaderaspectsofthe
twotreatmentoptionsbyincludingtheeffectofthesetreatments
onoutcomessuchasrecurrencesandcomplicationsasamarker
of treatment efficacy. Thus, the summary of outcomes table
(table 2⇓) shows the results for secondary outcomes for
antibiotic treatment and appendicectomy. The data entered for
individual studies represent the number of patients who were
treated successfully with antibiotics, which ranged between
44% and 85%. In the appendicectomy group, the numbers
represent patients who were treated successfully with
appendicectomyandalsohadapositivediagnosisofappendicitis
on histology.
Complicated appendicitis
The forest plot of comparison for risk of complicated
appendicitis (fig 6⇓) showed no difference between antibiotic
treatment and appendicectomy (risk ratio 0.58 (0.18 to 1.90);
I
2=74%, P=0.37).
Vons et al studied the incidence of complicated appendicitis,
with peritonitis at surgery and peritonitis within 30 days of
treatment (diagnosed either by appendicectomy or
postoperatively by computed tomography) as a primary
endpoint.
24 Twenty-three (19%) of the 119 patients in the
appendicectomy group had peritonitis, of whom 21 had
peritonitis identified at surgery and two had post-therapeutic
peritonitis within 30 days. Fourteen of the 120 patients in the
antibiotic group had appendicectomy within 30 days, of whom
9 (8%) had peritonitis identified at surgery and two (2%) had
postoperativeperitonitiswithin30days.Onlythreepatientshad
complicated appendicitis during subsequent follow-up in the
antibiotictreatedgroup.Interestingly,thecomputedtomography
findings of intraluminal stercoliths were comparable in the two
treatment groups. Twenty-two (18%) of 119 patients in the
appendicectomy group had stercoliths, of whom nine had
complicated appendicitis. In the antibiotic group, 19 (16%) of
120 patients had stercoliths, of whom six had no improvement
of appendicitis with antibiotic treatment. No significant
differences were reported between the two groups for duration
of pain, hospital stay, or disability.
Hansson et al reported that 43/202 patients randomised to
antibiotic treatment had either local or general peritonitis
comparedwith47/167patientsrandomisedtoappendicectomy.
20
Ninety-six patients randomised to antibiotic therapy had
appendicectomy subsequently, of whom 25 had peritonitis. On
thebasisofperprotocolanalysis,50/250patientshadperforation
in the surgery group compared with 6/119 patients in the
antibioticgroup.Thisincluded3/12recurrencesafterantibiotic
treatment.Forty-twopatientsintheappendicectomygroupwere
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RESEARCHreportedtohavegangrenousappendicitis,128hadphlegmonous
appendicitis, and 30 were reported to have other diagnoses.
However, this group included 83 patients who crossed over
from antibiotic treatment to appendicectomy evaluated per
protocol.
InthestudybyStyrudetal,
26sixof120patientswhounderwent
surgery had perforation, whereas seven of the 15 patients (total
128 patients) in the antibiotic group who had surgery during
their primary admission had perforation. Of those who had
recurrences,5/16patientshadperforationintheantibioticgroup.
Eriksson et al reported one perforation each in the surgery and
antibiotic groups.
27
A total of 13 patients who were readmitted after successful
initial antibiotic treatment had either perforated or gangrenous
appendicitis compared with 22 patients (10 perforated and 12
gangrenous appendicitis) in those who crossed over to surgery
after initial randomisation to the antibiotic group (n=126). The
overall risk of perforated or gangrenous appendicitis in the
antibiotic treated group was 7.4%
Readmissions
Figure 2⇓ shows that 68/345 (20%) patients treated with
antibiotics were readmitted with recurrence of symptoms. In
thisgroup,fourpatientshadnormalappendixand13(19%)had
complicated appendicitis. Three patients were treated
successfully with another course of antibiotics.
Pain and temperature
Vonsetaldidnotreportanysignificantdifferencesinpainscore
between appendicectomy and antibiotic treatment (mean 2.70
(SD 1.07) v 1.63 (1.35); P=0.13).
24 A per protocol analysis
showed that a significantly higher proportion of patients had
some kind of abdominal pain during their first post-treatment
yearintheantibioticgroupcomparedwiththosehavingsurgery
in the study by Hansson et al (mean 5 (SD 1) v 8 (1); P<0.05).
20
Styrud et al did not report pain and temperature.
26 Eriksson et
al also reported a significant decrease in the duration of pain on
days 6 and 10, morphine consumption, and temperature in
patients managed with antibiotics, compared with those who
had appendicectomy (P<0.01), during hospital admission.
27
Discussion
Thismeta-analysisoffourrandomisedcontrolledtrialsincluding
900patientscomparingtheefficacyofantibiotictreatmentwith
that of appendicectomy in patients with uncomplicated
appendicitis has shown that antibiotics are a safe initial
treatment, with a significant reduction in the risk of
complications compared with appendicectomy. We found no
significant differences in either length of stay or incidence of
complicated appendicitis. Antibiotic treatment was associated
with a 63% success rate and a reduced risk of complications.
About 20% of patients who were treated with antibiotics had
appendicectomy for recurrence of symptoms, and of these only
about one in five had complicated appendicitis.
Strengths of study
Ourmeta-analysiscomparedtwodifferenttreatmentmodalities,
each with its own specific complications such as postoperative
adhesions in the appendicectomy group and recurrence in the
antibiotic group. Additionally, considering antibiotic failure
requiringappendicectomytobeacomplicationwhenallpatients
in the other group had the same operation highlights the
problems encountered when comparing two very different
interventions. Furthermore, not all studies reported
administration of prophylactic antibiotic, which may have
influenced outcomes in the appendicectomy group. In this
context, we believe that by reporting length of stay as a marker
in assessing the frequency and severity of complications of
treatment when comparing two different treatment modalities
further adds to the evidence.
Except for the risk of complications, the meta-analysis of the
other outcomes showed a high risk of statistical heterogeneity.
However,theGRADEanalysisofthequalityofincludedstudies
across all domains showed that the strength of evidence for
complications and length of hospital stay was “moderate,”
whereas the strength of evidence for risk of complicated
appendicitis was “low” (table 3⇓) owing to the presence of bias
and inconsistency of reporting across outcomes. Specifically,
this result concurred with the statistically significant reduction
in the risk of complications despite the downgrading of the
quality of evidence due to selective reporting of this outcome
in most of the studies. Thus, this meta-analysis suggests that
evidence exists to support the safe use of antibiotics initially in
thetreatmentofuncomplicatedappendicitis.Excludingthedata
from the study with crossover of patients only strengthened the
evidence and showed a significant reduction in the risk of
complications with an absence of statistical heterogeneity.
However, the results did not differ significantly for other
outcomes.
Limitations of study
The major confounders that may have had an influence on the
outcomes are diagnosis of appendicitis, type and duration of
antibiotic treatment, reporting of complications, and planned
discharge after either antibiotic treatment or appendicectomy.
All studies included patients with history and clinical signs of
acute appendicitis with positive laboratory tests, but routine
radiologicalconfirmationofthediagnosiswasusedforinclusion
inonlysomestudies.
24 27Althoughonlysomepatientshadscans
in one study,
20 no scans were done in the study by Styrud et al,
26
inwhich97%ofpatientstreatedwithantibioticswerepresumed
to have appendicitis, on the basis of high C reactive protein
concentrationswithassociatedpositiveclinicalsigns.Moreover,
only patients aged between 18 and 50 years were included and
womenwereexcludedfromthisstudy,
26potentiallycontributing
to selection bias.
Antibiotics were administered intravenously in the first 24-48
hours, followed by oral administration for a further 8-10 days,
but they were continued beyond the initial course of treatment
in some patients with no clinical improvement. However, Vons
etaladministeredantibioticsintravenouslyonlytopatientswho
had nausea or vomiting and orally to all others.
24 Furthermore,
patients randomised to the appendicectomy group were likely
to be discharged earlier, if no complicated appendicitis was
noted at surgery, than were those randomised to the antibiotics
group. Hansson et al reported complications as both major and
minor complications,
20 whereas others reported mainly wound
infections, recurrences, and incidence of perforated
appendicitis.
24 26 27 Similarly, patients who were noted to have
complicated appendicitis received antibiotics postoperatively,
which may have also influenced the outcomes in the surgery
group. Vons et al used amoxicillin with clavulanic acid,
24
whereas the other studies used cefotaxime with either
metronidazole or tinidazole.
20 26 27 Follow-up with computed
tomography to detect post-therapeutic peritonitis was not done
routinely in all patients in the surgery group, and they were
assessed a week later than the antibiotic group.
24
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RESEARCHA perforation rate of 15-25% after acute appendicitis has been
reported in the literature.
28-30 However, in this meta-analysis,
theincidenceofperforationwas8%intheantibioticgroup,and
about63%ofpatientsweresuccessfullytreatedwithantibiotics.
We found no increased risk of developing complicated
appendicitis if patients did not have an early appendicectomy,
suggesting that antibiotic treatment is as safe an option as
appendicectomy in the primary treatment of uncomplicated
appendicitis. However, 30-40% of patients who were noted to
have stercoliths had complicated appendicitis. Hence, primary
antibiotictreatmentinthisgroupofpatientsshouldbeusedwith
caution.
About one in five patients is likely to be readmitted after initial
successful treatment with antibiotics, and of those who are
readmitted one in five may have complicated appendicitis (fig
2⇓).Onestudyreportednodifferencesinthelengthofstayafter
readmission between patients who had perforations and those
whohadinflamedappendixes.
26Evidenceshowsthatprolonged
delay of surgical treatment does not necessarily increase the
risk of perforation in patients with pathological evidence of
resolving appendicitis.
31 Also, one study excluded female
patients,thusslightlyreducingthegeneralisabilityoftheresults.
Given that one of the differential diagnoses in women is
salpingitis, a condition treated with antibiotics, and the rate of
complicatedappendicitiswasnotincreasedwithinitialantibiotic
treatment, this is unlikely to be of particular importance.
Comparison with other studies
A Cochrane review by Wilms et al included randomised and
quasi-randomisedstudiestostudytheeffectivenessofantibiotic
treatment compared with appendicectomy.
19 The outcome
measures were recovery within two weeks and major
complicationsincludingrecurrence,andtheauthorsconsidered
a 20% margin of non-inferiority to be clinically relevant.
However, on the basis of this analysis, they reported that the
studies were of low to moderate quality and the results were
inconclusive. For reasons mentioned earlier, including
recurrences as a complication that is unique to only one group
does not allow a fair comparison for the risk of complications.
Secondly, minor complications such as clostridium or fungal
infection and urinary tract infection were included, when not
all studies reported these outcomes as a complication.
Furthermore, negative appendicectomy was considered as a
minor complication, when the number of patients in the
antibioticgroupwithoutappendicitiscannotbetrulyascertained
without an appendicectomy. This review also included a study
that has since been retracted,
21 as well as one in which it was
notclearifpatientswererandomised.
22Anotherreviewreported
the treatment efficacy of appendicectomy to be significantly
higher than that of antibiotics and defined this outcome for the
antibiotic group as the number of patients treated successfully
withantibioticswithnorecurrencesandfortheappendicectomy
group as the number of patients with positive histology of
appendicitis.
18 However, the risk of complications was reduced
in the antibiotic group and no differences were noted in length
of stay or perforated appendicitis.
Similarly,thereviewbyLiuetalincludedtheabovementioned
studies and also a retrospective study by the authors,
12 but
concluded that antibiotic treatment results in 31% fewer
complicationscomparedwithappendicectomy.
17Theyreported
that “antibiotic failure,” defined as lack of improvement or
clinical progression within 24-48 hours after the treatment was
started,whenthepatienthadappendicectomy,wasbetween5%
and 11.8% and the incidence of recurrent appendicitis was
14.2%. The results of the aforementioned studies, which used
different statistical designs and outcomes of interest, each with
its own definitions, are largely inconclusive despite some
evidenceinfavourofantibiotictreatment.Earlyappendicectomy
has been the norm when the diagnosis of appendicitis is
suspected or confirmed at admission, in the belief that this may
prevent complications such as perforation or peritonitis. This
dogma stems from the pathophysiological hypothesis that
appendicitis is a progressive disease, from an uncomplicated
stage to one with complications of gangrene, perforation, or
peritonitis, and that any delay in treatment increases the risk of
complications.
2 The risk of infertility in women with
complicated appendicitis has been reported to be 3.2-4.8%.
32 33
However, whether women in the childbearing age group will
be put at increased risk of infertility because of treatment of
appendicitis with antibiotics is not known. Given that the rate
of complicated appendicitis in each group was similar, any
reduction in infertility from initial antibiotics will be minimal.
The availability of diagnostic modalities such as computed
tomography, with 100% sensitivity and 95% specificity,
34 35
combined with the low morbidity associated with
laparoscopy,
36 37 has increased the diagnostic accuracy for
appendicitis and reduced the threshold for surgery for
appendicitisthatmayhaveresolvedspontaneously.Furthermore,
to increase the complexity of the diagnosis of appendicitis, a
histologically normal variant known as “neuroimmune
appendicitis”, characterised by abnormal concentrations of
neuropeptides,neuronalsprouting,andpossiblycombinedwith
the immunological response, has been attributed to the relief of
pain in patients who had a histologically normal appendix
removed.
38-40
Antibiotic treatment may delay an appendicectomy in patients
who are not improving, but this delay does not disadvantage
the patient with an increased risk of complications. The overall
risk of complications is lower, as appendicectomy is avoided
in two thirds of patients.
Recent evidence points towards a change in epidemiological
trends and the distinct pattern of perforated and non-perforated
appendicitis over the years, suggesting that they may be two
different entities.
15 41 42 Although the incidence of negative (or
“unnecessary”)appendicectomyandnon-perforatedappendicitis
has been increasing with time, the incidence of perforated
appendicitis has not changed substantially.
15 28 This is also
reflected by the fact that about 63% of patients in the antibiotic
arms of the studies included in this meta-analysis avoided an
appendicectomy. Whether mere mucosal or sub-mucosal
inflammation, as will be reported commonly in the histology
of removed appendixes for uncomplicated appendicitis, is of
any clinical significance is debatable.
40 43 The view that early
antibiotic treatment for uncomplicated appendicitis is safe is
supported by the finding by Vons et al that none of the patients
whohadsuccessfultreatmentwithantibioticshadpost-treatment
peritonitis.
24 However, this incidence differed between patients
who failed to improve with antibiotic treatment (14%, two of
14 patients) and those who had appendicectomy (1.7%, two of
120 patients).
Our meta-analysis thus makes it clear that antibiotic treatment
is associated with a reduced risk of complications and no
increased risk of perforation in patients having a delayed
appendicectomy after antibiotic failure. Given the increase in
non-perforated appendicitis diagnosed with more frequent use
of computed tomography and laparoscopy, a careful “wait,
watch, and treat” policy may be adopted in those patients
considered to have uncomplicated appendicitis or in whom the
diagnosis is uncertain, as in these patients correct diagnosis
rather than an early appendicectomy is the key. For patients
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RESEARCHwith clear signs of perforation or peritonitis, after an initial
periodofactiveobservation,earlyappendicectomystillremains
the “gold standard.”
Health policy implications
Appendicectomy is one of the most common operations
performed, and small increases in health benefit in the
management of acute appendicitis deliver considerable health
gains. Antibiotic treatment as the initial management of
uncomplicated appendicitis is safe and effective. Starting
antibiotics when the diagnosis of uncomplicated acute
appendicitis is made, with reassessment of the patient, will
preventtheneedforthemostappendectomies,reducingpatient
morbidity. Oral antibiotics can be continued after discharge,
allowing potentially shorter lengths of stay.
Conclusions
This meta-analysis of four randomised controlled trials
comparing antibiotic treatment and appendicectomy for
uncomplicated acute appendicitis showed that antibiotics can
be used safely as primary treatment in patients presenting with
acuteuncomplicatedappendicitis.Antibiotictreatmentwasnot
associated with an increased perforation rate compared with
surgery, nor were any significant differences seen in the length
of stay or treatment efficacy between antibiotics and
appendicectomy. An early trial of antibiotics merits
consideration as the initial treatment option for uncomplicated
appendicitis.Thepossibilitythatperforatedandnon-perforated
appendicitis could have different patterns and pathological
processes needs further evaluation. Perhaps, uncomplicated
acute appendicitis should be treated akin to other conditions
suchasacutecolonicdiverticulitisinwhichantibiotictreatment
plays an important role.
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RESEARCHWhat is already known on this topic
Acute appendicitis has traditionally been believed to often progress from an uncomplicated state to perforated appendicitis in the absence
of surgical intervention
Recent observational studies and randomised controlled trials support the role of antibiotics as primary treatment for uncomplicated
acute appendicitis
However, the results are limited by methodological quality and study design, contributing to heterogeneity in results
What this study adds
This meta-analysis, using robust methodology, has shown a significant reduction in risk of complications with antibiotic treatment
compared with appendicectomy
No significant differences were noted between antibiotic treatment and appendicectomy for length of stay, efficacy of treatment, or risk
of complicated appendicitis
Antibiotics merit consideration as primary treatment in patients presenting with uncomplicated acute appendicitis
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RESEARCHTables
Table 1| Definitions of outcome measures
Appendicectomy Antibiotic treatment Outcome measure
Perforated appendicitis or peritonitis and wound infection Perforated/gangrenous appendicitis or peritonitis and wound infection
(in patients who failed antibiotic treatment and had appendicectomy
subsequently)
Complications
Number of days of inpatient admission for patients who had
appendicectomy and were discharged with further follow-up
Number of days of inpatient admission for patients who were treated with
antibiotics following admission and discharged with oral antibiotics
Length of primary hospital
stay
Patients who were readmitted with postoperative
complications such as intra-abdominal collections, adhesive
obstruction, or wound infections
Patients who were readmitted for operations or antibiotic related
problems, such as diarrhoea, and including wound infections after surgery
for failed antibiotic treatment; also those who were readmitted for
recurrent symptoms
Readmissions
Patients who were successfully treated with appendicectomy
and had none of the following: no appendicitis on histology;
development of any post-therapeutic or postoperative
complications including readmissions
Patients who were successfully treated with antibiotics only and had
none of the following: failure of antibiotic treatment or recurrence of
symptoms needing appendicectomy; development of any post-therapeutic
or postoperative complications
Treatment efficacy
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RESEARCHTable 2| Summary of outcomes
Diagnoses in patients who had
appendicectomy
Mean (SD)
length of
stay (days) Recurrences Complications
Successful
treatment
with
intervention Age (years)
No of
patients
Study Surgery Antibiotics S A S A S A S A S A S A
Appendicectomy:
119 (21 complicated
appendicitis, 98
uncomplicated
appendicitis)
44 had
appendicectomy: 14
within 30 days (9
complicated, 4
uncomplicated, 1
normal); 30 between 30
3.04
(1.5)
3.96
(4.87)
0 30 12 3 119 81 Mean38
(SD 13)
Mean34
(SD 12)
119 120 Vons
2011
24
days and 1 year (3
complicated, 23
uncomplicated, 4
normal)
83 crossed over to
surgery from
antibiotics
(evaluated per
protocol);
appendicectomy:
119 patients had
antibiotics and 83
others crossed over to
surgery;
appendicectomy: 21
(out of 119); 9
3
(0.2)
3
(0.1)
0 15 55 51 142 83 Mean38
(SEM 1)
Mean38
(SEM 1)
167 202 Hansson
2009
20
250; 220 (128 appendicitis in primary
phlegmonous, 42 admission: 3
gangrenous, 50 phlegmonous; 3
perforated); other gangrenous, 3
diagnoses: 30 (3 perforated. (1 normal
other surgically appendix, 1 surgically
treatable causes, 14 treatable); 12/15
surgically recurrences had
non-treatable, and
13 normal)
appendicectomy: 8
phlegmonous, 1
gangrenous, 3
perforated (3 treated
with antibiotics)
Appendicitis: 120 (6
perforated, 1
gangrenous, 3
mesenteric adenitis,
1 no pathology)
Appendicectomy:31 (15
primary, 16
readmissions); 1
primary had terminal
ileitis; 12 perforated; 18
phlegmonous
2.6
(1.2)
3.0
(1.4)
0 16 17 4 120 97 Range:
18-50;
mean
not
reported
Range
18-50;
mean
not
reported
124 128 Styrud
2006
26
Appendicitis 17 (8
phlegmonous, 8
gangrenous, 1
perforated); 3
normal
Appendicectomy: 8 (1
primary, 7
readmissions); 6
phlegmonous and 1
perforated
3.4
(1.9)
3.1
(0.3)
0 7 2 0 17 13 Mean35
(range
19-75)
Mean27
(range
18-53)
20 20 Eriksson
1995
27
357/394 98/104 0 68 86 58 398 274 430 470 Total
A=antibiotics; S=surgery.
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RESEARCHTable 3| GRADE Analysis: antibiotics versus appendicectomy for uncomplicated acute appendicitis—quality assessment
Overall quality of
evidence† Publication bias Imprecision Indirectness Inconsistency* Risk of bias*
Participants
(studies); follow-up Critical outcome
Complications:
+/+/−/−; low due to risk of
bias and inconsistency
Undetected No No Serious
a,d Serious
a,b,c 900 (4 studies); 1 year All studies
+/+/+/−; moderate due to
risk of bias
Undetected No No No serious
inconsistency
Serious
d 531 (3 studies); 1 year Studies with no
crossover of patients
Length of primary
hospital stay:
+/+/−/−; low due to risk of
bias and inconsistency
Undetected No No Serious
a Serious
a,b,c 900 (4 studies); 1 year All studies
+/+/+/−; moderate due to
risk of bias
Undetected No No No serious
inconsistency
d
Serious
d 531 (3 studies); 1 year Studies with no
crossover of patients
Risk of complicated
appendicitis:
+/+/−/−; low due to risk of
bias and inconsistency
Undetected No No Serious
a Serious
a,b,d 896 (4 studies); 1 year All studies
+/+/−/−; low due to risk of
bias and inconsistency
Undetected No No Serious
e Serious
d 527 (3 studies); 1 year Studies with no
crossover of patients
*Basis for assumed risk: a) incomplete accounting of patients and events; b) randomisation by date of birth; c) crossover of patients after randomisation; d) excluded
female patients; e) definitions of outcome vary between trials.
†GRADE Working Group grades of evidence: high quality—further research very unlikely to change confidence in estimate of effect; moderate quality—further
research likely to have important impact on confidence in estimate of effect and may change estimate; low quality—further research very likely to have important
impact on confidence in estimate of effect and likely to change estimate; very low quality—very uncertain about estimate.
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RESEARCHTable 4| GRADE Analysis: antibiotics versus appendicectomy for uncomplicated acute appendicitis—summary of findings
Anticipated absolute effects
Relative effect (95%
CI)
Study event rates (%)
Critical outcome Risk difference with antibiotics* (95% CI) Risk with control With antibiotics With control
Complications:
Study population 0.69 (0.54 to 0.89) 84/470 (18) 108/430 (25) All studies
78 (28 to 116) fewer per 1000 251 per 1000
Moderate†
60 (21 to 89) per 1000 194 per 1000
Study population 0.61 (0.4 to 0.92) 31/268 (12) 50/263 (19) Studies with no crossover of patients
74 (15 to 114) fewer per 1000 190 per 1000
Moderate†
73 (15 to 112) fewer per 1000 186 per 1000
Length of primary hospital stay:
0.2 higher (0.16 lower to 0.56 higher) 470 430 All studies
0.34 higher (0.19 lower to 0.87 higher) 268 263 Studies with no crossover of patients
Risk of complicated appendicitis:
Study population 0.68 (0.38 to 1.21) 54/387 (14) 129/509 (25) All studies
81 fewer (157 fewer to 53 more) per 1000 253 per 1000
Moderate†
87 fewer (169 fewer to 57 more) per 1000 272 per 1000
Study population 0.61 (0.2 to 1.89) 25/268 (9) 37/259 (14) Studies with no crossover of patients
56 fewer (114 fewer to 127 more) per 1000 143 per 1000
Moderate†
69 fewer (142 fewer to 158 more) per 1000 177 per 1000
*Based on assumed risk in comparison group and relative effect of intervention.
†Strength of evidence.
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RESEARCHFigures
Fig 1 PRISMA flow diagram
Fig 2 Treatment outcome: antibiotics
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RESEARCHFig 3 Treatment outcome: appendicectomy
Fig 4 Antibiotic treatment versus appendicectomy for uncomplicated appendicitis: forest plot for complications
Fig 5 Antibiotic therapy versus appendicectomy for uncomplicated appendicitis: forest plot for length of primary hospital
stay
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RESEARCHFig 6 Antibiotic therapy versus appendicectomy for uncomplicated appendicitis: forest plot for risk of complicated appendicitis
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